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The impact on t h e  e x i s t i n g  i n s t r u m e n t a t i o n  and 
$ Q  communications ( I / C )  systems of and I / C  c a p a b i l i t i e s  of t h e  Gz O r b i t a l  Assembly (OA) r e s u l t i n g  from d e a c t i v a t i o n  of t h e  t 

d u r i n g  missions of the Apollo App l i ca t ions  Program (AAP) is 
d i scussed .  It w a s  assumed tha t  t h e  c r e w  could  occupy t h e  
CSM dur ing  t h e  p e r i o d s  of d e a c t i v a t i o n .  S u f f i c i e n t  

\ o exp lana to ry  d e t a i l  i s  contained i n  t h e  d i s c u s s i o n s  f o r  t h e  
reader t o  determine t h e  impact on the OA I / C  systems and 
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The vo ice  communications subsystem of t h e  OA 
would be t h e  subsystem most a f f e c t e d  by d e a c t i v a t i o n  of  the  
CSM I / C  system. The audio c e n t e r s  of t h e  CSM form the hear t  
of ' t he  OA voice communications subsystem i n  t h e  c u r r e n t  

co ~j 0 F l i g h t  N e t w o r k  (MSFN)  w i l l  be provided by the r a d i o  frequency 

Since  t h e  t e l e m e t r y  subsystem of t h e  CSM would be 

from t h e  CSM t o  t h e  te lemet ry  subsystem of t h e  Air lock  

the CSM would be i n a c t i v e ,  a l t e r n a t e  means would be  r e q u i r e d  
i n  t h e  OA t o  retrieve and t r a n s m i t  t o  t h e  MSFN d a t a  g e n e r a t e d  
by experiments  SO61 and S071/S072 which w i l l  be  c a r r i e d  by 
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I C a p a b i l i t i e s  Caused by Deac t iva t ing  

MEMORANDUM FOR FILE 

A proposa l  has  been made t o  d e a c t i v a t e  a l l  systems 
of  the Command and S e r v i c e  Module (CSM) a f t e r  it h a s  been 
docked t o  t h e  Mul t ip l e  Docking Adapter (MDA) of t h e  Sa tu rn  I 
Workshop (SIWS - i n c l u d e s  the  MDA, t h e  A i r l o c k  Module and t h e  
O r b i t a l  Workshop) and the SIWS has  been a c t i v a t e d  dur ing  
mis s ions  of the Apollo App l i ca t ions  Program (AAP). The 
impact  on t h e  e x i s t i n g  in s t rumen ta t ion  and communications 

, ( I / C )  systems of and I / C  c a p a b i l i t i e s  of t h e  O r b i t a l  Assembly 
(OA - t h e  SIWS p l u s  a l l  modules which are docked t o  it) 
r e s u l t i n g  f r o m  d e a c t i v a t i o n  of the e n t i r e  I / C  system of t h e  
CSM i s  d i scussed  b r i e f l y  i n  t h e  fo l lowing  paragraphs  of t h i s  
memorandum. It w a s  assumed f o r  t h i s  d i s c u s s i o n  t h a t  
d e a c t i v a t i o n  of t h e  CSM does n o t  p rec lude  normal occupancy 
of t h e  CSM by t h e  c r e w .  

V o i c e  Communications 

The subsystem of the  OA which w i l l  be  m o s t  a f f e c t e d  
by d e a c t i v a t i o n  o f  t h e  CSM I / C  system is  the  voice 
communications subsystem. In  t h e  c u r r e n t  des ign  of t h e  OA 
voice communications subsystem, two mul t i -wi re  vo ice  
communications h a r d l i n e s  inc lud ing  c o n t r o l  l i n e s  and numerous 
umbilical d i sconnec t s  w i t h  c o n t r o l  and d i s p l a y s  w i l l  be  
r o u t e d  i n  p a r a l l e l  throughout the  OA b u t  s e p a r a t e d  and w i l l  
be  connected t o  d i f f e r e n t  audio c e n t e r s  i n  t h e  CSM. T h e  t w o  
d i f f e r e n t  audio  c e n t e r s  w i l l  p rov ide  t h e  on ly  connect ion of 
t h e  t r a n s m i t  and receive p o r t i o n s  of t h e  r e s p e c t i v e  mul t i -  
w i r e  voice communications h a r d l i n e s  the reby  forming t w o  
independent  duplex  conference c i r c u i t s .  The t w o  independent 
conference  c i r c u i t s  may be br idged  t o g e t h e r  t o  form a s i n g l e  
confe rence  c i r c u i t  by a p p r o p r i a t e  s e l e c t i o n  of manual swi t ch  
p o s i t i o n s  on the t w o  audio  c e n t e r s .  Connection of a 
conference  c i r c u i t  t o  a r a d i o  frequency (RF)  subsystem of  t h e  
CSM t o  permi t  a d d i t i o n  of the  Manned Space F l i g h t  Network 
( M S F N )  t o  t h ~  conference c i r c u i t  w i l l  be  accomplished through 
one of t h e  CSM aud io  c e n t e r s  a t  t h e  d i s c r e t i o n  of  t h e  c r e w .  
All duplex voice communications between t h e  OA and t h e  MSFN 
will be  provided v i a  an RF l i n k  between t h e  CSM and t h e  MSFN 
( e i t h e r  the Unif ied  S-Band System o r  t h e  VHF/AM t r a n s c e i v e r s  
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or  both  s imul t aneous ly ) .  

ConFequently, if the  CSM I / C  system w e r e  d e a c t i v a t e d  
dur ing  an AAP mission,  the equ iva len t  of t w o  CSM audio c e n t e r s ,  
e x c l u s i v e  of s p a r e s ,  and a RF system must be added t o  the SIWS 
t o  r e t a i n  t h e  same voice communications c a p a b i l i t i e s  w i t h i n  t h e  
OA and between t h e  OA and t h e  MSFN.  The voice  communications 
subsystem hardwire  i n t e r f a c e  between t h e  CSM and the MDA would 
be somewhat s i m p l i f i e d  because any audio  s t a t i o n s  provided i n  
t h e  CSM would c o n s i s t  of umbi l ica l  d i sconnec ts  w i th  c o n t r o l s  
and d i s p l a y s  l i k e  those  c u r r e n t l y  provided i n  t h e  SIFTS. 

Telemetry 

I n  c u r r e n t  planning,  d a t a  from experiments  SO61 
( P o t a t o  Resp i r a t ion )  and S071/S072 (Circadian Rhythm-Pocket 
Mice/Vinegar F ly)  w i l l  be  modulated, r e s p e c t i v e l y ,  on two of 
the s c i e n t i f i c  s u b c a r r i e r s  a v a i l a b l e  i n  t h e  CSM Unif ied 
S-Band (USB) system which w i l l  be  t r a n s m i t t e d  t o  t h e  MSFN by 
the S-Band F M  t r a n s m i t t e r  of t he  CSM USB system. 
o p e r a t i o n a l  biomedical  d a t a  (e lec t rocard iogram,  h e a r t  rate, 
impedance pneumograph, and body temperature)  c o l l e c t e d  from 
each crewman when l o c a t e d  i n  t h e  CSM w i l l  be  rou ted  t o  t h e  
CSM p u l s e  code modulation (PCM) t e l eme t ry  subsystem where t h e  
d a t a  w i l l  be d i g i t i z e d  and t ime-multiplexed wi th  CSM systems 
performance and s t a t u s  d a t a  t o  form a s i n g l e  PCM s i g n a l .  
PCM s i g n a l  w i l l  be t r a n s m i t t e d  t o  t h e  M S F N  v i a  t h e  CSM USB 
system. It  should be noted t h a t  o p e r a t i o n a l  biomedical  d a t a  
c o l l e c t e d  from crewmen i n  o the r  p a r t s  of t h e  OA o r  performing 
e x t r a v e h i c u l a r  a c t i v i t y  (EVA) w i l l  be  d i g i t i z e d  and inc luded  
i n  t h e  rea l - t ime PCM s i g n a l  generated by t h e  PCM t e l eme t ry  
subsystem of t h e  Air lock Module (AM). 

I n  a d d i t i o n ,  

This 

Consequently,  i f  the CSM I / C  system w e r e  d e a c t i v a t e d  
du r ing  an n? m i s s i o n ,  a l t e r n a t e  means must be provided i n  the 
OA t o  r e t r i e v e  and t r a n s m i t  t o  t h e  MSFN d a t a  genera ted  by 
experiments  SO61 and S071/S072 and t h e  hardwire  i n t e r f a c e  
between t h e  CSM and t h e  MDA m u s t  be expanded t o  permit  rou t ing  
of o p e r a t i o n a l  biomedical  da t a  c o l l e c t e d  from crewmen i n  t h e  
CSM t o  the  PCM t e l eme t ry  s u b s y s t e m  of t h e  AM. I t  should a l s o  
be no ted  t h a t  no d a t a  on CSM s y s t e m s  s t a t u s  ( p r e s s u r e s ,  
t empera tures ,  gas  concen t r a t ions ,  e tc . )  such a s  on t h e  c r e w  
environment ,  t h e  propuls ion  s y s t e m s ,  and o t h e r  systems which 
would be of  i n t e r e s t  even i f  t h e  CSM w e r e  d e a c t i v a t e d  would 
be available t o  t h e  crew i n  the CSM o r  t o  the'MSFN because t h e  
i n s t r u m e n t a t i o n  s e n s o r s  as w e l l  as d i s p l a y s  and t e l eme t ry  
subsystem would be i n a c t i v e .  
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Up-Data 

i n  the OA could  n o t  be a l e r t e d  v ia  t h e  up-data p o r t i o n  of 
the CSM USB system as i s  c u r r e n t l y  p l a n e d .  However, a c r e w  
a le r t  c a p a b i l i t y  w i l l  s t i l l  e x i s t  v i a  t h e  up-data subsystem 
of t h e  AM which w i l l  a l so  be provided  according t o  c u r r e n t  
planning.  Furthermore,  n e i t h e r  real-time on/off commands 
n o r  Command Module Computer (CMC) and C e n t r a l  Timing 
Equipment (CTE) up-dates would be p o s s i b l e  even i f  d e s i r e d  
which i s  n o t  l i k e l y .  

I f  t h e  CSM I / C  system w e r e  d e a c t i v a t e d ,  the  c r e w  

S ince  t h e  USB system of t h e  CSN would be i n a c t i v e ,  
the requirement  t o  provide  t h e  c a p a b i l i t y  t o  select for  use  
one of t h e  f o u r  S-Band omni-d i rec t iona l  antenna elements  o f  
t h e  CSM v i a  t h e  up-data subsystem of t h e  AM could be d e l e t e d .  
The d e l e t i o n  of t h i s  requirement  would s i m p l i f y  t he  hardwire  
i n t e r f a c e  between t h e  CSM and t h e  MDA. . 

Tracking 
- -  

T h e  S-Band t ransponder  of  t h e  CSM USB system w i l l  
p rovide  t h e  on ly  a c t i v e  a s s i s t a n c e  t o  t h e  MSFN for  t r a c k i n g  
of t h e  OA t o  pe rmi t  p e r i o d i c  up-dat ing of  t h e  OA ephemeris. 
I f  t h e  CSM USB system w e r e  i n a c t i v e ,  t r a c k i n g  d a t a  could  be 
provided  by v a r i o u s  s t a t i o n s  of t h e  MSFN by s k i n  t r a c k i n g  t h e  
OA u s i n g  C-Band p u l s e  r a d a r s  a l though t h e  accuracy of t h i s  
t r a c k i n g  d a t a  would be i n f e r i o r  t o  the d a t a  which could be 
o b t a i n e d  us ing  t h e  USB system. 

T e l e v i s i o n  
-J 

The on ly  e x i s t i n g  c a p a b i l i t y  f o r  the t r ansmiss ion  
of real-time commercial q u a l i t y  t e l e v i s i o n  f r o m  t h e  OA t o  t h e  
M S F N  would be sacrificed i f  t h e  S-Band FM t r a n s m i t t e r  of  t h e  
USB system of t h e  CSM w e r e  d e a c t i v a t e d .  

Caut ion and Warning 

I f  t h e  CSM I / C  system is d e a c t i v a t e d ,  the c a u t i o n  
and warning subsystem (CWS) of t h e  CSM w i l l  n o t  be ope ra t ing .  
S i n c e  crewmen may be  occupying t h e  CSM, power must be s u p p l i e d  
across t h e  CSM/MDA i n t e r f a c e  t o  suppor t  t h a t  p o r t i o n  of t h e  
CSM CWS w h i c k  provides  an a p p r o p r i a t e  a larm and d i s p l a y  when 
an emergency, warning, o r  cau t ion  c o n d i t i o n  e x i s t s  i n  ano the r  
module of t h e  OA. I f  t h e  requirement  t h a t  t h e  c a u t i o n  and 
warning tones  s h a l l  n o t  c r o s s  t h e  i n t e r f a c e  between t w o  v e h i c l e s  
of t h e  OA i s  e l i m i n a t e d  for  t h i s  case, c a u t i o n  and warning 
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tones  could be provided t o  crewmen i n  t h e  CSM from t h e  AM 
CWS v i a  t h e  voice  communications h a r d l i n e s  i n  t h e  same manner 
t h a t  cau t ion  and warning tones are provided by t h e  AM CWS t o  
the crewmen l o c a t e d  anywhere i n  t h e  SAWS. I n  t h i s  case, no 
CWS d i s p l a y  would be provided i n  t h e  CSM. Adopting t h i s  
s o l u t i o n  t o  provide t h e  crewmen i n  t h e  CSM wi th  an i n d i c a t i o n  
of t h e  e x i s t e n c e  of an unsafe cond i t ion  from o t h e r  v e h i c l e s  
i n  t h e  OA w i l l  have a s l i g h t  impact on t h e  hardwire  i n t e r f a c e  
between t h e  CSM and MDA t o  provide a t ransmiss ion  pa th  f o r  
t h e  alarm tones.  

Power 

Power must be suppl ied ac ross  the  CSF/MDA h a r d l i n e  
interface t o  suppor t  t h e  biomedical  i n s t rumen ta t ion  ha rnesses  
of t h e  crewmen when loca ted  i n  t h e  CSM, t h e  audio s t a t i o n  
c o n t r o l  and d i s p l a y  p a n e l ( s )  i n .  t h e  CSM, and t h e  microphones 
and headse t s  of t h e  crewmen when l o c a t e d  i n  t h e  CSM i f  t h e  
CSM were deac t iva t ed .  

2034-AGW-mbr 

,’ 



BELLCOMM, INC. i 

SUBJECT: Impact on OA I / C  Sys tems and I / C  FROM: A. G. Weygand 
C a p a b i l i t i e s  C a u s e d  by D e a c t i v a t i n g  
t he  CSM D u r i n q  D o c k e d  P o r t i o n s  of 
AAP Missions - C a s e  620  

DISTRIBUTION L I S T  

NASA Headquarters B e l l c o m m ,  Inc .  ( C o n t i n u e d )  

H. Cohen/MLR 
P. E. C u l b e r t s o n / M L A  
J. H. D i s h e r / M L D  
L. K.  Fe ro /MLV 
J. P. F i e l d ,  J r . / M L P  
S. W. F o r d y c e / M L A  
T .  E .  Hanes /MLA 
T .  A. Keegan/MA-2 
H.  M a n n h e i m e r / M L A  
U. H .  P o l k i n g / M L O R  
M. S a v a g e / M L T  
W. C. S c h n e i d e r / M L  
J. D. S t e v e n s o n / M O  

B e l l c o m m ,  1 x 0  

G. 
D. 
w. 
C. 
A. 
R. 
T. 
D. 
L. 
J. 
D. 
J. 
B. 
J. 
H. 
J. 
K .  
J. 
R. 
B. 
J. 
I. 

M. A n d e r s o n  
0. B a e c h l e r  
J. B e n d e n  
B i d g o o d  
P. B o y s e n ,  Jr. 
K .  C h e n  
H. C r o w e  
A. D e G r a a f  
A. Ferrara 
J. G a b r i k  
R. H a g n e r  
J. Hibbert  
T. H o w a r d  
E. Johnson 
K r a u s  
P. Maloy 
E. Martersteck 
Z .  Menard 
K.  McFarland 
F. O ' B r i e n  
T. R a l e i g h  
I. R o s e n b l u m  

I. 
P. 
K. 
N .  
L. 
R. 
w. 
J. 
B. 
R. 
W. 

M. Ross 
S. Schaenman 
H. Schmid 
W. Schroeder 
Schuchman 
L. Selden 
S t r ack  
W. T i m k o  
P .  T u n s t a l l  
L. Wagner 
D. Wynn 

D e p a r t m e n t  1 0 2 4  F i l e  
C e n t r a l  F i l e s  
L ib ra ry  


